Background THA in patients younger than 30 years presents challenges because of uncertainties regarding the long-term survivorship of prostheses. Alumina-on-alumina bearings, which exhibit little long-term wear, may be a reasonable option but the long-term survivorship is unknown. Questions/Purposes We determined (1) the survival rate of alumina-on-alumina bearings in patients younger than 30 years after a 10-year followup, (2) the incidence of audible hip clicking and squeaking, (3) radiographic evidence of osteolysis, and (4) the effects on pregnancy, childbirth, and career choice. Methods We retrospectively reviewed 62 patients who had 75 THAs with alumina-on-alumina bearings followed more than 10 years (average, 11.5; range, 10-13.5 years). Mean patient age at the time of surgery was 24 years (range, 18-30 years). All operations were performed using the same cementless implant at a single center. We determined survival, presence of osteolysis, and function (Harris hip score, WOMAC). Results The 10-year survival rate of alumina-on-alumina bearings in THAs, with revision for any reason as the end point, was 98.9%. Audible hip clicking and squeaking were identified in 10 hips and two hips, respectively. No osteolysis was detected. None of the 11 patients who became pregnant had been affected by their THA during pregnancy or childbirth. Seven of the 14 patients who were unemployed at the time of index surgery stated that their THA affected their job choice. Conclusions We found a high 10-year survival of cementless alumina-on-alumina bearings in THAs in patients younger than 30 years. Lifetime events such as job choice, pregnancy, and childbirth should be considered when choosing THA for patients younger than 30 years.
Introduction
Although the benefit of THA in young patients with debilitating hip disorders has been documented [5, 8] , THA in this population historically has been associated with The institution one or more of the authors (JJY and HJK) received funding from the Ministry of Knowledge Economy of Korea (Grant no. 10030019-2010-21) and the Seoul National University Hospital Research Fund (Grant no. 06-03-063). All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Clinical Orthopaedics and Related Research neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDA-approval status, of any drug or device prior to clinical use. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent was obtained. This work was performed at Seoul National University College of Medicine, Seoul, South Korea. failure rates ranging from 14% to 45% at 10 to 25 years [13, 36, 37] , which has caused many surgeons to be cautious when recommending THA in this patient population despite expected short-term relief of pain and improvements in function, quality of life, and overall health. Furthermore, despite improvements in the techniques and implants such as cementless components and the use of alternative bearing surfaces, including ceramic-on-ceramic surfaces, the risk of early failure remains a concern [42] .
Alumina-on-alumina bearings, which exhibit little wear, were introduced as an option for young patients [11, 30] . These bearings are characterized by low surface roughness, high hardness for major scratch resistance, and high wettability [16] . The low wear rates of alumina-on-alumina bearings reportedly reduce osteolysis and preserve bone stock, both of which are important considerations in young patients who are expected to require revision surgery at some stage [10, 19] . However, early ceramic-on-ceramic implants were characterized by component fracture and by loosening of monoblock acetabular components with overall failure rates ranging from 4% to 27% at 2 to 11 years [14, 19, 25, 42] . Technologic advances in implant materials and fixation methods reduced the early failure rates to 0% to 9% at 4 to 8 years [10, 21, 30, 38, 42] , although it is unclear whether they have increased the long-term survivorship of THAs in young, active patients.
Several reports describe alumina-on-alumina bearings used in THAs in young patients [1, 3, 19, 30] , and report survivorship ranging from 91% to 99% at 7 to 11 years [10, 11, 21, 24] . We previously reported 5-year followup results of patients younger than 40 years [38] , and 10-year followup results in a series of 100 patients [24] . One of these studies showed that survivorship of patients with mean age of 41 years was 99% at 10 years [24] , but the data were not analyzed for patients younger than 30 years and for these patients followup of much longer than 10 years is important. Patients younger than 30 years expect to be in the workforce and lead normal active lives after THA, and female patients expect successful pregnancies and deliveries. In this regard, alumina-on-alumina ceramic bearings seem a reasonable option for young, active patients [11, 30] . Further, they are free of concerns regarding metal ions, which could cross the placental barrier [4, 41] .
We therefore determined: (1) the survival rate of THA after 10 years in patients younger than 30 years; (2) the daily activity levels and the incidence of audible hip clicking and squeaking; (3) the proportions of hips showing radiographic evidence of osteolysis; and (4) whether THA affects pregnancy, delivery, and job choice.
Patients and Methods
From November 1997 to December 2000, we performed 89 THAs using alumina-on-alumina bearings in 74 patients younger than 30 years. No other bearing combination was used in younger patients during this period. In two previous papers [24, 39] , we reported 17 of the 74 patients included in this study. One patient (two hips) with ankylosing spondylitis died from end-stage renal disease during the seventh followup year, and 11 patients (12 hips) were lost to followup. This left 62 patients (75 hips or 84%), 37 men and 25 women, with a minimum followup of 10 years (average, 137 months; range, 120-161 months). Mean patient age at the time of index surgery was 24 years (range, 18-30 years), mean weight was 61 kg (range, 39-89 kg), and mean BMI was 22 kg/m 2 (range, 16-32 kg/m 2 ) ( Fig. 1 ). The most common diagnosis was osteonecrosis of the femoral head in 38 hips (51%) ( Table 1 ). Eighteen hips underwent at least one operation before THA ( Table 2) . Institutional review board approval was obtained for this study.
All index arthroplasties were performed at one institution by one of two high-volume hip arthroplasty surgeons (YMK and HJK). A posterolateral approach was used in 43 hips, a lateral approach with trochanteric osteotomy in 16 hips, a lateral approach without trochanteric osteotomy in 13 hips, and an anterolateral approach in three hips. In all patients, THA involved a hemispheric titanium cup (Plasmacup1 SC; Aesculap AG & Co, Tuttlingen, Germany) with an outer pure titanium plasma spray coating with a microporosity of 35% and a thickness of 0.35 mm (Plasmapore; Aesculap AG & Co), a slightly tapered, rectangular, collarless titanium femoral component in three types (Bicontact1; Aesculap AG & Co) with a Plasmapore-coated proximal one-third surface, a 28-mm modular alumina femoral head, and an alumina acetabular insert (BIOLOX1 forte; CeramTec AG, Plochingen, Germany). The alumina liner had a 9.4835-degree cone angle and 11.7 to 13.1 mm cone clamp length. The cone diameter of the neck was 12/14 in 69 hips and 8/10 in six hips. Partial weightbearing was allowed after 6 days, and full weightbearing was allowed after 8 to 10 weeks. No other specific physiotherapy was provided.
Followup was conducted at 2 weeks, 6 weeks, 3 months, 6 months, 1 year, and then yearly. Radiographs including AP and translateral views of the hips were performed at each followup. Clinical evaluations included a physical examination, Harris hip score [17] , WOMAC score [2] , and administration of a questionnaire (Appendix 1) on functional topics related to THA such as job choice, pregnancy, and childbirth. Patient activity levels were rated using a modified version of the UCLA Activity Level Scale [40] and Devane activity level scale [6] . A questionnaire that included items regarding any noise during daily activity (the presence of noise; the nature, time of onset, and frequency of the noise and activities associated with the noise; awareness of the noise by other people; intensity of the noise with time; associated pain; and effect of the noise on the quality of life) was completed.
Radiographs were reviewed at last followup by two independent observers (KSY and KHK) with respect to component stability [9] , radiolucent lines [39] , calcar resorption [34] , osteolysis [20] , and loosening [26] . Osteolysis was defined as a periprosthetic cystic or scalloped lesion with a diameter exceeding 2 mm that had not been present on the immediate postoperative radiographs [20] .
Kaplan-Meier survival analysis was performed to estimate survival in patients including those who were lost to followup. We performed two analyses; a best-case scenario with patients lost to followup as censored cases, and a worst-case scenario with patients lost to followup as having failed cases. Statistical analyses were conducted using SPSS for Windows (version 16.0; SPSS, Chicago, IL, USA).
Results
The 10-year survival rate of alumina-on-alumina bearings in THAs, with revisions of any implant for any reason as the end point, was 98.9% (95% CI, 96.7%-100%) in the best-case scenario and 83.1 % (95% CI, 75.3%-91.0%) in the worst-case scenario (Fig. 2 ). All THAs, excluding one with a ceramic liner fracture 17 months after surgery, had survival extending more than 10 years. No implant was revised as a result of wear or osteolysis.
The mean preoperative Harris hip score was 59 points (range, 40-83 points) and this improved to 97 points (range, 93-100 points) at last followup. Mean WOMAC score at last followup was 13 points (range, 0-28 points). Sixty patients (97%) were able to participate regularly in moderate activities such as housework, shopping, and daily routines. Thirty patients (48%) regularly participated in active sports such as cycling and swimming, and four patients (6%) sometimes participated in impact sports such as soccer. According to the activity level scale of Devane et al. [6] , four patients were graded as being in Level 5, 43 were graded as being in Level 4, 13 were graded as being in Level 3, and two were graded as being in Level 2 in our series. The incidence of audible hip clicking and of squeaking at last followup were 13% (10 hips) and 3% (two hips), respectively. Hip noise was not associated with pain or any modification of daily activities in any patient. Furthermore, no patient could reproduce the squeaking, which was not of clinical importance in any patient. All of the 75 hips showed radiographic evidence of osseointegration at last followup. No acetabular component or femoral stem showed radiographic signs of loosening. No periprosthetic osteolysis was detected around any cup or stem. Rounding off of the sharp medial edge of the resected femoral neck was a frequent finding, but no calcar resorption was observed in any hip ( Fig. 3 ). Of the 25 female patients, 11 had a successful pregnancy without problems after THA. Sixteen infants were born, nine vaginally and seven by cesarean section. The reasons for cesarean delivery were obstetric in nature and not related to the THA. One patient changed his job from construction to an office job as a result of concerns of a hip problem. Seven of the 14 patients who were unemployed at the time of the index surgery said that their THA did affect their job choice; four chose office or secretarial work and three ran their own businesses.
Ceramic fracture, which was associated with recurrent subluxation, occurred in one female patient. Preoperatively, she had an unstable hip as a result of inadequate hip muscle tone after spinal cord injury and also experienced constant instability of the hip after arthroplasty.
Discussion
The risk of early failure of THA in young patients remains a concern because of uncertainties regarding the long-term survivorship of prostheses. Alumina-on-alumina bearings, which exhibit little long-term wear, may be a favorable option for young patients. We therefore determined: (1) the survival rate of THA after 10 years in patients younger than 30 years; (2) the daily activity levels and the incidence of audible hip clicking and squeaking; (3) the proportions of hips showing radiographic evidence of osteolysis; and (4) whether THA affects pregnancy, delivery, and job choice.
There are a few limitations to our study. First, 11 patients (12 hips) were lost to followup, and the number of lost patients can influence the survival rate. However, we also provided a worst-case scenario with lost patients as failure cases. Second, we evaluated osteolysis on radiographs. CT scans would be more sensitive to identify the presence, location, and extent of osteolysis than standard radiographs [22, 32] . However, CT is costly and associated with a risk of radiation exposure. Third, the maximum BMI of the cohort was less than 32 kg/m 2 , limiting our ability to extend our conclusions to obese patients. Fourth, we had a small cohort. However, the indications for THA in very young patients are limited and any single-institution study will necessarily have a limited number of these patients. Fifth, this study was not a comparative one, therefore, we can draw no conclusions regarding the results of this implant compared with another implant in a similar group of patients.
We found the survivorship of implants with alumina-onalumina bearings was 98.9% in the best-case scenario and 83.1 % in the worst-case scenario, at 10 years, which are similar to the survival rates reported for older patients [23, 28, 31] . Numerous reports have been published on alumina-on-alumina bearings in THAs in young patients ( Table 3 ). The findings of our study suggest alumina-onalumina bearings are associated with high implant survivorship after 10 years in young patients.
In one report, 20 of 21 patients could perform outdoor activities of daily living after THA using alumina-on-alumina bearings [19] . In another report, 97% of patients were able to participate regularly in moderate activities such as housework, shopping, and light occupational work [38] ( Table 3) . Similarly, in our study, most patients (97%) were able to participate regularly in moderate activities and nearly half of the patients (48%) can regularly participate in active sports. These findings support that use of aluminaon-alumina bearings in THAs can be an attractive option for young patients.
Noises such as squeaking and clicking are reported as annoying complications related to alumina-on-alumina bearings [21, 33] . The cause or causes of this phenomenon have not been determined and the incidence of squeaking has ranged from 0% to 18% among investigators [10, 21, 31, 33] (Table 3 ). We identified 12 hips (16%) with noises. Most (10 of 12 hips) had a clicking noise and none was associated with pain. Moreover, this noise was not reproducible during outpatient evaluations and had little effect on postoperative function. However, our findings suggest that patients should be informed of this problem when a THA with alumina-on-alumina bearings is considered. Previous studies report an incidence of osteolytic lesions ranging from 0% to 46% at 10 to 22 years after THAs using alumina-on-alumina bearings [3, 18, 24, 29] . According to a 10-year followup study by Kim et al. [21] , no osteolysis was observed in 93 hips of patients operated on when the patients were younger than 45 years, and this result was supported by CT scans. Similar results were reported by Baek and Kim [1] . In our study, no appreciable osteolysis was observed by plain radiography (Table 3) .
THA and job choice appear related, and one patient changed his job because of concerns regarding hip problems. Furthermore, seven of 14 patients who were not employed at the time of index surgery stated they considered THA when choosing a job; four chose office jobs and three chose to run their own businesses.
Few authors have addressed the relation between THA and pregnancy [27, 35] , although this issue is important when counseling young female patients. Sierra et al. [35] reported 60% of pregnant patients (28 of 47) experienced more hip pain during pregnancy and 21% (10 of 47) experienced persistent pain after pregnancy. In addition, five of seven patients who reported pain in the groin after childbirth underwent revision THA. However, in our series, no patients experienced persistent pain after childbirth and no revision was required as a result of pain. Although case numbers were small as compared with the study by Sierra et al. [35] , none of our 11 patients reported that their THA had adversely affected pregnancy or childbirth.
The resistance to wear and osteolysis characteristics of THA with metal-on-metal implants also are compatible with the requirements of young, active patients [12] . However, concerns exist regarding elevated blood chrome and cobalt levels [41] because of the potential risks of mutagenicity and hypersensitivity [7] and possible teratogenic and chromosomal changes in developing fetuses [12] . These concerns are alleviated by THAs using ceramic implants, which is why they are considered suitable for young women of childbearing age.
During the last three decades, technical improvements in the alumina manufacturing process and improvements in conical fixation have substantially reduced ceramic fracture rates [15] . However, the possibility of ceramic fracture still poses a challenge [16] . In the current study, one ceramic fracture occurred as a result of inadequate hip muscle tone after spinal cord injury, and after experience of this failure, we no longer use alumina-on-alumina articulation in patients at risk of repetitive subluxation and relocation. Therefore, we suggest THAs using alumina-on-alumina implants only be performed after careful preoperative evaluation.
We found a survival rate of 98.9% at 10 years after surgery in active patients younger than 30 years. Our observations support the continued use of ceramic bearing surfaces in young adults. Nonetheless, our findings also suggest surgeons should be aware of the potential risks of impingement, ceramic fracture, and noise associated with the use of alumina-on-alumina articulation. In addition, our observations show lifetime events including job choice, pregnancy, and childbirth should be considered when choosing THA for patients younger than 30 years. Continued followup during the next decade will add to our 
Regarding delivery
The questions below are required only for female patients.
1. Did you have a baby or babies after your THA? (YES/ NO) 2. How many babies did you have? ( ) 3. What kind of method was used for delivery? (vaginal delivery/cesarean section) 4. If you chose cesarean section, did you choose it because of possible difficulties that could be incurred by the THA? (YES/NO) 5. Did your pain reoccur around hip area after delivery?
(YES/NO)
